Quantitative angiocardiographic techniques have been used to determine left ventricular volume and mass in 100 patients with isolated aortic valve disease. The patients were divided into three groups: aortic stenosis (AS), 22 patients; aortic regurgitation (AR), 38 patients; and combined stenosis and regurgitation (AS+AR), 40 patients. The distribution of left ventricular volume and mass and their relationship to standard intracardiac pressure and flow determinations are presented for each group in order to define the hemodynamic and functional characteristics of the left ventricle in these patients. Mean values for end-diastolic volumes (EDV) in the three groups were AS = 85 ml/m2, AS + AR = 143 ml/m2 and AR = 197 ml/m2. Mean values for ejection fraction (EF = SV/EDV) were similar in the three groups, AS = 61%, AR= 55%, AS + AR = 58%. Left ventricular mass (LVM) was smaller in AS, mean= 167 g/m2, and similar in AR, mean = 232 g/m2, and AS + AR, mean = 235 g/m2.
g/m2, and similar in AR, mean = 232 g/m2, and AS + AR, mean = 235 g/m2.
Left ventricular filling pressure (LVEDP) was correlated with EDV in AS, r = 0.45, P < 0.05, and AS + AR, r = 0.51, P < 0.001, but not in AR. A similar relationship was seen between LVEDP and EF. The arteriovenous oxygen difference correlated well with EF in AS, r =-0.76. P < 0.001. This relationship was weaker in AS + AR, r = -0.45, P < 0.01, and AR, r = -0.45, P < 0.01. Correlations were also present between increased LVM and elevated LVEDP and increased LVM and decreased EF in patients with AS and AS + AR.
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Left ventricular function spectrum of disease provides an opportunity to study the effects of pressure and volume overload, and the combination of these stresses on the functional characteristics of the left ventricle.
Methods
Patients with isolated aortic valve disease were selected from the cardiac catheterization files of the University of Washington, and the VA Hospital, Seattle. One hundred patients with reliable hemodynamic data, biplane angiocardiograms with adequate visualization of the left ventricle,> and without significant arrhythmia during ventricular opacification were included in this study. Patients were classified into three groups: (1) 22 patients with aortic stenosis (AS), (2) 3 In about half of the cases studied, complete time-volume curves were constructed, and in the remaining cases the volumes were calculated at end-diastole and end-systole for two or three consecutive beats. Angiographic stroke volume (SV) was determined by subtracting end-systolic volume (ESV) from the end-diastolic volume (EDV). 4 The left ventricular minute flow (LVMF) was determined by multiplying the SV by the heart rate during angiocardiography. Forward flow was measured prior to angiocardiography by the direct Fick method. Regurgitant flow (RF) was determined by subtracting the forward from the LVMF. 5 The ejection fraction (EF) was determined by dividing SV by the EDV to express the SV as a percentage of the EDV. The three groups were analyzed with routine computer programs to yield means, standard deviations, correlation coefficients and P values. A computer program for the estimates of population cumulatives recently reported by Kronmal and Tartar was utilized to derive the cumulative percentage curves which were written out on an x-y plotter and photographed for publication.6
Results
Quantitative data for the three groups of patients and normal individuals are presented in table 1.7 In AS the EDV/m2 ranged from 51 ml to 190 ml with a mean of 85 ml. In AR, EDV/m2 ranged from 98 ml to 393 ml with a mean of 197 ml. Figure 1 shows the distribution of this variable in terms of the cumulative percentage curve for all patients in each group. Normal values of EDV/m2 for this laboratory for 16 patients without heart disease ranged from 53 ml to 120 ml with a mean of 70 ml. As indicated by the graph, approximately 86% of those with AS demonstrated an EDV/m2 within this range. In comparison, fewer than 10% with AR had a normal EDV/m2. Forty per cent of the AS+ AR group had an EDV/m2 within the normal range.
Cumulative percentage plots of LV stroke volume/M2 (LVSV/m2 ) are given in figure  2 . The relationship between the distribution of values in the three groups was similar to that seen for EDV/m2 ( fig. 1 ). LVSV/m2 was within the range of normal for this laboratory (31 ml to 75 ml; mean, 45 mI/M2) in 85% of patients with AS, whereas 15% of the cases had diminished stroke volumes. Eighty percent of patients with AR and 50% with AS + AR had an LVSV/m2 greater than normal.
There was only a 6% spread in the means for EF in the three groups, AS = 61%, AS + AR = 58%, and AR = 55%, and the cumu- a patient with severe AR and profound heart failure.
Although EDV and regurgitant SV are statistically dependent variables, their relationship was variable between the AR and AS + AR groups. Figure 6 presents The relationship between EF and arteriovenous oxygen difference (A-V 02) in patients with AS is presented in figure 8 (AS: r = -0.76, P < 0.001). Significant correlations are also present in the other two groups (AS + AR: r =-0.45, P <0.01; AR r= -0.38, P< 0.001).
These data indicate that EF and A-V 02 differences are closely correlated in patients with aortic valve disease, although this relationship is less valid in those with valvular regurgitation.
Although the EF and EDV are statistically dependent variables, the EF is independent physiologically. This is clear from the variable relationship between EDV and EF in these groups of patients. A good correlation was seen in AS (r =-0.71, P < 0.001) and in AS + AR (r =-0.64, P < 0.001), and no correlation was present in AR (r = -0.02). These differences emphasize the fact that the EDV increases normally and in proportion to the magnitude of regurgitation in patients with AR, whereas an increase in EDV in patients with pure AS is indicative of decreased myocardial function.
In chronic heart disease, increase in LVM might be expected to be relative to the magnitude of work imposed on the LV. For this reason, the relationship between LVM and the severity of aortic stenosis as judged by the aortic valve area and the severity of aortic regurgitation as indicated by RF have been studied. In patients with AS, LVM was found to have no correlation with aortic valve area which ranged from 0.45 to 1.90 cm2, mean, 0.88 cm2, or aortic valve gradient which ranged from 16 to 90 mm Hg (mean, 49 mm Hg). In AR a correlation was found between LVM and RF (r= 0.48, P < 0.01).
An increase in LVM might be expected to change LV compliance and result in an elevation in LV filling pressure. For this reason, LVM has been compared with LVEDP in each group. A significant relationship was seen between an increase in LVM and an increase in LVEDP in AS (r = 0.38, P < 0.05), and in patients with AS + AR (r = 0.734, P < 0.001). No correlation was present beCirculation, Volume XXXVIII, November 1968 tween these variables in patients with AR (r=0.001).
It is also pertinent to study the relationship between an increase in LVM and the function of the LV as judged by the EF. As noted above, significant correlations are seen in AS and AS + AR (in AS, r =-0.58, P < 0.01; in AS + AR, r -0.40, P <0.01), but no relationship was apparent in patients with AR (r = 0.02).
Discussion
The addition of quantitative angiocardiographic data to standard intracardiac pressure and flow observations permits a more precise description of changes in ventricular anatomy and function due to disease. Since Left ventricular volume is normal in most patients with AS. The patient with ventricular dilatation usually has both an elevated LVEDP and A-V 02 difference. Since the patient with AS has a normal or decreased stroke volume, ventricular dilatation must result in a low EF. The EF and the A-V 02 difference have a high correlation in this group, indicating that the measurement of A-V 02 difference is a valid index of the ventricular function in these patients. When significant regurgitation is present, however, the A-V 02 difference becomes less reliable in this respect. Advanced myocardial failure in patients with AS is characterized by an EF less than 40% and an A-V 02 difference greater than 60 ml/L. The severity of AS as judged by the aortic valve area or the aortic valve gradient does not correlate with these parameters of ventricular function. This is probably because of the important role played by time, as well as by the severity of the outflow obstruction in the development of ventricular failure. The magnitude of myocardial hypertrophy in AS also fails to correlate with the severity of the valvular lesion. Here again, the duration of disease may be the determining factor.
Measurements of left ventricular volume in patients with aortic regurgitation have shown, as previously reported,'0-'3 that the increase in EDV is proportional to the amount of regurgitation present. Because of this constant relationship between EDV and the magnitude of regurgitation, in the absence of myocardial dysfunction, appropriate LV dilatation can be assessed for each patient. Inappropriate or excessive dilatation is characteristic of myocardial failure and is indicated by a low EF. Since ventricular volumes are normally large in patients with AR, further dilatation resulting from myocardial failure is not readily appreciated. Quantitation of ventricular volume and RF has been most helpful in making clinical decisions in this group of patients.
Since the EF is derived from the ratio of the LV stroke volume and the EDV, it is statistically dependent upon EDV. Physiologically, however, the EF appears to be independent of EDV. This is seen in the close relationship between the EF and the EDV in patients with AS, and the absence of such 
